Insights into product release dynamics through structural analyses of thymidylate kinase.
Several studies on enzyme catalysis have pointed out that the product release event could be a rate limiting step. In this study, we have compared the release event of two products, Adenosine di-phosphate (ADP) and Thymidine di-phosphate (TDP) from the active-site of human and Thermus thermophilus thymidine mono-phosphate kinase (TMPK), referred to as hTMPK and ttTMPK, respectively. TMPK catalyses the conversion of Thymidine mono-phosphate (TMP) to TDP using ATP as phosphoryl donor in the presence of Mg2+ ion. Most of the earlier studies on this enzyme have focused on understanding substrate binding and catalysis, but the critical product release event remains elusive. Competitive binding experiments of the substrates and the products using ttTMPK apo crystals have indicated that the substrate (TMP) can replace the bound product (TDP), even in the presence of an ADP molecule. Further, the existing random accelerated molecular dynamics (RAMD) simulation program was modified to study the release of both the products simultaneously from the active site. The RAMD simulations on product-bound structures of both ttTMPK and hTMPK, revealed that while several exit patterns of the products are permissible, the sequential exit mode is the most preferred pattern for both ttTMPK and hTMPK enzymes. Additionally, the product release from the hTMPK was found to be faster and more directional as compared to ttTMPK. Structural investigation revealed that the critical changes in the residue composition in the LID-region of ttTMPK and hTMPK have an effect on the product release and can be attributed to the observed differences during product release event. Understanding of these dissimilarities is of considerable utility in designing potent inhibitors or prodrugs that can distinguish between eukaryotic and prokaryotic homologues of thymidylate kinase.